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(54) COMMON MODE SIGNAL SUPPRESSING CIRCUIT AND NORMAL MODE SIGNAL 
SUPPRESSING CIRCUIT 



(57) A common mode signal suppressing circuit 
comprises: a first winding (1 1 ) inserted to a conductor 
line (3); a second winding (12) that is inserted to a con- 
ductor line (4) and coupled to the first winding (11) 
through a magnetic core (1 0) and that suppresses com- 
mon mode signals in cooperation with the first winding 
(11); and a third winding (13) coupled to the first and 
second windings (11, 12) through the core (10). The 



common mode signal suppressing circuit further com- 
prises a phase-inverted signal transmitting circuit (15) 
connected to the third winding (1 3) and to the conductor 
lines (3, 4). The phase-inverted signal transmitting cir- 
cuit (15) detects a common mode signal on the conduc- 
tor lines (3, 4), and supplies a phase-inverted signal to 
the third winding (13), the phase-inverted signal having 
a phase opposite to the phase of the common mode sig- 
nal. 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a common 5 
mode signal suppressing circuit for suppressing com- 
mon mode signals with identical phases propagating 
through two conductor lines and to a normal mode signal 
suppressing circuit for suppressing normal mode sig- 
nals transmitted by conductor lines. 

BACKGROUND ART 

[0002] Power electronics apparatuses such as a 
switching power supply, an inverter and a lighting circurt 
of a lighting fixture incorporate a power transformer cir- 
cuit for transforming power. The power transformer cir- 
cuit incorporates a switching circuit for transforming a 
direct current to an alternating current having rectangu- 
lar waves. Consequently, the power transformer circurt 
develops a ripple voltage having a frequency equal to 
the switching frequency of the switching circuit, and 
noise resulting from the switching operation of the 
switching circuit. Such a ripple voltage and noise affect 
other apparatuses. It is therefore required to provide a 
means for reducing the ripple voltage and noise be- 
tween the power transformer circuit and the other appa- 
ratuses or lines. 

[0003] LC filters, that is, filters each incorporating an 
inductance element (an inductor) and a capacitor, are 
often used as a means for reducing a ripple voltage and 
noise. The LC filters include a T filter and a n filter, in 
addition to the one incorporating an inductance element 
and a capacitor. A typical noise filter for suppressing 
electromagnetic interference (EMI) is a type of LC filters, 
too. A typical EMI filter is made up of a combination of 
discrete elements such as a common mode choke coil, 
a normal mode choke coil, an X capacitor, and a Y ca- 
pacitor. 

[0004] Recently, power line communications have 
been developed as a potential communications tech- 
nique used for creating a communications network at 
home. Through the power line communications, high- 
frequency signals are superimposed on a power tine to 
perform communications. 

When the power line communications are performed, 
noise emerges on the power line because of the oper- 
ations of various electric and electronic apparatuses 
connected to the power line, which causes a reduction 
in quality of communications, such as an increase in er- 
ror rate. It is therefore required to provide a means for 
reducing noise on the power line. Moreover, it is required 
for the power line communications to prevent commu- 
nications signals on an indoor power line from leaking 
to an outdoor power line. The LC filters are used as a 
means for reducing noise on the power line and for pre- 
venting communications signals on the indoor power 
line from leaking to the outdoor power line as thus de- 
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scribed, too. 

[0005] There are two types of noise propagating along 
two conductor lines: one is normal mode noise that cre- 
ates a potential difference between the two conductor 
lines, while the other is common mode noise that prop- 
agates along the two conductor lines with identical phas- 
es. 

[0006] FIG. 1 7 illustrates an example of configuration 
of an LC filter for reducing common mode noise. The LC 
filter comprises: a pair of terminals 201 a and 201 b; an- 
other pair of terminals 202a and 202b; a common mode 
choke coil 203 provided between the terminals 201a, 
201 b and the terminals 202a, 202b; a capacitor 204 hav- 
ing an end connected to the terminal 201 a and the other 
end grounded; and a capacitor 205 having an end con- 
nected to the terminal 201 b and the other end grounded. 
[0007] The common mode choke coil 203 has one 
magnetic core 203a and two windings 203b and 203c 
wound around the core 203a. The winding 203b has an 
end connected to the terminal 201a and the other end 
connected to the terminal 202a. The winding 203c has 
an end connected to the terminal 201b and the other 
end connected to the terminal 202b. The windings 203b 
and 203c are wound around the core 203a in such di- 
rections that, when magnetic fluxes are induced in the 
core 203a by currents flowing through the windings 
203b and 203c when a normal mode current is fed to 
the windings 203b and 203c, these fluxes are cancelled 
out by each other. 

[0008] The LC filter of FIG. 1 7 is inserted somewhere 
along the two conductor lines for transmitting power. 
The terminals 201a and 202a are connected to one of 
the conductor lines while the terminals 201b and 202b 
are connected to the other one of the conductor lines. 
[0009] Next, FIG. 1 8 illustrates an example of config- 
uration of an LC filter for reducing normal mode noise. 
The LC filter comprises: a pair of terminals 301a and 
301b; another pair of terminals 302a and 302b; a coil 
303 as an inductance element; and a capacitor 304. The 
terminal 302b is connected to the terminal 301b. The 
coil 303 has an end connected to the terminal 301 a and 
the other end connected to the terminal 302a. The ca- 
pacitor 304 has an end connected to the other end of 
the coil 303 and to the terminal 302a. The capacitor 304 
has the other end connected to the terminals 301 b and 
302b. 

[0010] The LC filter of FIG. 1 8 is inserted somewhere 
along the two conductor lines for transmitting power. 
The terminals 301a and 302a are connected to one of 
the conductor lines while the terminals 301b and 302b 
are connected to the other one of the conductor lines. 
[0011] The Published Unexamined Japanese Patent 
Application Heisei 9-1 02723 (1 997) discloses a line filter 
using a transformer. The line fitter comprises the trans- 
former and a fitter circuit. The transformer incorporates 
a secondary winding inserted to one of two conductor 
lines for transmitting power from an alternating power 
supply to a load. The filter circuit has two inputs con- 
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nected to ends of the alternating power supply, and two 
outputs connected to ends of a primary winding of the 
transformer. In the line filter, the filter circuit extracts 
noise components from the supply voltage and supplies 
the noise components to the primary winding of the 
transformer, so that the noise components are subtract- 
ed from the supply voltage on the conductor line to which 
the secondary winding of the transformer is inserted. 
The line filter reduces normal mode noise. 
[0012] The conventional LC filters have a problem 
that, since the filters have a specific resonant frequency 
determined by the inductance and the capacitance, a 
desired amount of attenuation is obtained only within a 
narrow frequency range. 

[0013] For the filter inserted to the conductor line for 
transmitting power, it is required that desired character- 
istics be obtained while the current for transmitting pow- 
er is fed, and that a measure for coping with a rise in 
temperature be provided. Therefore, such a filter has a 
problem that the inductance element is increased in size 
for implementing the desired characteristics. 
[0014] According to the line filter disclosed in the Pub- 
lished Unexamined Japanese Patent Application Heisei 
9-102723, it is theoretically possible to remove noise 
components completely as long as the impedance of the 
filter circuit is zero and the coupling coefficient of the 
transformer is 1 . In practice, however, it is impossible 
that the impedance of the filter circuit is zero, and fur- 
thermore, the impedance changes in response to the 
frequency. In particular, if the filter circuit is made up of 
a capacitor, a series resonant circuit is made up of the 
capacitor and the primary winding of the transformer. 
Therefore, the impedance of the signal path including 
the capacitor and the primary winding of the transformer 
is reduced only in a narrow frequency range around the 
resonant frequency of the series resonant circuit. As a 
result, the line filter is capable of removing noise com- 
ponents only in a narrow frequency range. In addition, 
the coupling coefficient of the transformer is smaller 
than 1 in practice. Therefore, the noise components 
supplied to the primary winding of the transformer will 
not be completely subtracted from the supply voltage. 
Because of these reasons, the line filter actually de- 
signed has a problem that it is not capable of effectively 
reducing noise components in a wide frequency range. 

DISCLOSURE OF THE INVENTION 

[0015] It is a first object of the invention to provide a 

common mode signal suppressing circuit for effectively 

suppressing common mode signals in a wide frequency 

range and for achieving a reduction in size. 

[001 6] It is a second object of the invention to provide 

a normal mode signal suppressing circuit for effectively 

suppressing normal mode signals in a wide frequency 

range and for achieving a reduction in size. 

[0017] A common mode signal suppressing circuit of 

the invention is a circuit for suppressing common mode 



signals propagating with identical phases through two 
conductor lines. The common mode signal suppressing 
circuit comprises: a first winding inserted to one of the 
conductor lines at a specific first point; a second winding 
5 that is inserted to the other of the conductor lines at a 
second point corresponding to the first point and is cou- 
pled to the first winding, the second winding suppressing 
the common mode signals in cooperation with the first 
winding; a third winding coupled to the first and second 
10 windings such that a mutual inductance is generated be- 
tween the third winding and the first and second wind- 
ings; and a phase-inverted signal transmitting means 
connected to the third winding and to the one of the con- 
ductor lines at a third point different from the first point, 
*s the transmitting means being further connected to the 
other of the conductor lines at a fourth point correspond- 
ing to the third point and different from the second point, 
the transmitting means transmitting a phase- inverted 
signal for suppressing the common mode signals. 
[0018] In the common mode signal suppressing cir- 
cuit of the invention, when a source of the common 
mode signals is located at a point closer to the third and 
fourth points than the first and second points except a 
point between the first and third points and a point be- 
tween the second and fourth points, the transmitting 
means detects a common mode signal and supplies the 
phase-inverted signal to the third winding, the phase- 
inverted signal having a phase opposite to a phase of 
the common mode signal detected. In addition, the third 
winding injects the phase-inverted signal to the two con- 
ductor lines through the first and second windings. As a 
result, the common mode signal is suppressed on por- 
tions of the two conductor lines from the first and second 
points onward along the direction of travel of the com- 
mon mode signal. 

[0019] In the common mode signal suppressing cir- 
cuit of .the invention, when the source of the common 
mode signals is located at a point closer to the first and 
second points than the third and fourth points except a 
point between the first and third points and a point be- 
tween the second and fourth points, the third winding 
detects a common mode signal, and the transmitting 
means injects the phase-inverted signal to the two con- 
ductor lines, the phase-inverted signal having a phase 
opposite to the phase of the common mode signal de- 
tected by the third winding. As a result, the common 
mode signal is suppressed on portions of the two con- 
ductor lines from the third and fourth points onward 
along the direction of travel of the common mode signal. 
[0020] The common mode signal suppressing circuit 
of the invention may further comprise an impedance el- 
ement provided on the two conductor lines at a point 
between the first and third points and a point between 
the second and fourth points, the impedance element 
reducing the peak value of a common mode signal pass- 
ing therethrough. 

[0021] In the common mode signal suppressing cir- 
cuit of the invention, the phase- inverted signal transmit- 



25 



30 



35 



40 



45 



50 



3 



5 

ting means may incorporate a high-pass filter for allow- 
ing a common mode signal to pass therethrough. The 
high-pass filter may incorporate a capacitor. 
[0022] In the common mode signal suppressing cir- 
cuit of the invention, the impedance element may incor- 
porate: a fourth winding inserted to one of the conductor 
lines; and a fifth winding that is inserted to the other of 
the conductor lines and coupled to the fourth winding 
and that suppresses the common mode signals in co- 
operation with the fourth winding. Each of the fourth and 
fifth windings may have an inductance of 0.3 u,H or 
. greater. 

[0023] In the common mode signal suppressing cir- 
cuit of the invention, the coupling coefficient between 
the third winding and the first and second windings may 
be 0.7 or greater. 

[0024] A normal mode signal suppressing circuit of 
the invention is a circuit for suppressing normal mode 
signals transmitted by two conductor lines and creating 
a potential difference between the two conductor lines. 
The normal mode signal suppressing circuit comprises: 
a first inductance element inserted to one of the conduc- 
tor lines at a specific first point; a second inductance 
element coupled to the first inductance element such 
that a mutual inductance is generated between the first 
and second inductance elements; a phase-inverted sig- 
nal transmitting means connected to the second induct- 
ance element and to the one of the conductor lines at a 
second point different from the first point, the transmit- 
ting means transmitting a phase-inverted signal for sup- 
pressing the normal mode signals; and an impedance 
element provided on the one of the conductor lines at a 
point between the first and second points, the imped- 
ance element reducing a peak value of a normal mode 
signal passing therethrough. 

[0025] In the normal mode signal suppressing circuit 
of the invention, when a source of the normal mode sig- 
nals is located at a point closer to the second point than 
the first point except a point between the first and sec- 
ond points, the transmitting means detects a normal 
mode signal and supplies the phase-inverted signal to 
the second inductance element, the phase-inverted sig- 
nal having a phase opposite to the phase of the normal 
mode signal detected. In addition, the second induct- 
ance element injects the phase-inverted signal to the 
one of the conductor lines through the first inductance 
element. As a result, the normal mode signal is sup- 
pressed on a portion of the one of the conductor lines 
from the first point onward along the direction of travel 
of the normal mode signal. 

[0026] In the normal mode signal suppressing circuit 
of the invention, when the source of the normal mode 
signals is located at a point closer to the first point than 
the second point except a point between the first and 
second points, the second inductance element detects 
a normal mode signal, and the transmitting means in- 
jects the phase-inverted signal to the one of the conduc- 
tor lines, the phase-inverted signal having a phase op- 
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posite to a phase of the normal mode signal detected 
by the second inductance element. As a result, the nor- 
mal mode signal is suppressed on a portion of the one 
of the conductor lines from the second point onward 
5 along the direction of travel of the normal mode signal. 
[0027] In the normal mode signal suppressing circuit 
of the invention, the impedance element reduces the 
peak value of the normal mode signal passing there- 
in ough, which reduces the difference between the peak 
10 value of the normal mode signal propagating via the im- 
pedance element and the peak value of the phase-in- 
verted signal injected to the one of the conductor lines 
via the phase-inverted signal transmitting means. 
[0028] In the normal mode signal suppressing circuit 
15 of the invention, the phase- inverted signal transmitting 
means may incorporate a high-pass filter for allowing a 
normal mode signal to pass therethrough. The high- 
pass filter may incorporate a capacitor. The high-pass 
filter may incorporate a plurality of capacitors that are 
combined. 

[0029] In the normal mode signal suppressing circuit 
of the invention, the impedance element may incorpo- 
rate a third inductance element inserted to the one of 
the conductor lines. The third inductance element may 
have an inductance of 0.3 u,H or greater. 
[0030] In the normal mode signal suppressing circuit 
of the invention, the coupling coefficient between the 
first and second inductance elements may be 0.7 or 
greater. 

[0031] Other and further objects, features and advan- 
tages of the invention will appear more fully from the fol- 
lowing description. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0032] 

FIG. 1 is a schematic diagram illustrating a basic 
configuration of a common mode signal suppress- 
ing circuit of a first embodiment of the invention. 
FIG. 2 is a schematic diagram illustrating a specific 
example of configuration of the common mode sig- 
nal suppressing circuit of FIG. 1 . 
FIG. 3 is a schematic diagram for illustrating the 

45 principle of suppression of common mode signals 
by the common mode signal suppressing circuit of 
the first embodiment of the invention. 
FIG. 4 is a schematic diagram for illustrating the op- 
eration of the common mode signal suppressing cir- 

so cuit of the first embodiment of the invention. 

FIG. 5 is a schematic diagram illustrating a basic 
configuration of a common mode signal suppress- 
ing circuit of a second embodiment of the invention. 
FIG. 6 is a schematic diagram illustrating a specific 

55 example of configuration of the common mode sig- 
nal suppressing circuit of FIG. 5. 
FIG. 7 is a schematic diagram for illustrating the op- 
eration of the common mode signal suppressing cir- 
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cuit of the second embodiment of the invention. 
FIG. 8 is a plot showing frequency characteristics 
of gains obtained by simulation for a reference cir- 
cuit and the common mode signal suppressing cir- 
cuit of FIG. 6. 

FIG. 9 is a plot showing frequency characteristics 
of gains obtained by simulation for the reference cir- 
cuit and the common mode signal suppressing cir- 
cuit of FIG. 6. 

FIG. 10 is a schematic diagram illustrating a basic 
configuration of a normal mode signal suppressing 
circuit of a third embodiment of the invention. 
FIG. 1 1 is a schematic diagram illustrating a specific 
example of configuration of the normal mode signal 
suppressing circuit of FIG. 10. 
FIG. 1 2 is a schematic diagram illustrating the con- 
figuration of FIG. 11 from which the third inductance 
element is removed. 

FIG. 13 is a schematic diagram illustrating a circuit 
made up of the normal mode signal suppressing cir- 
cuit of FIG . 1 1 to which a normal mode signal source 
and a load are connected. 

FIG. 14 is a plot showing frequency characteristics 
of gains obtained by simulation for a reference cir- 
cuit and the normal mode signal suppressing circuit 
of FIG. 11. 

FIG. 15 is a plot showing frequency characteristics 
of gains obtained by simulation for the reference cir- 
cuit and the normal mode signal suppressing circuit 
of FIG. 11. 

FIG. 1 6 is a schematic diagram illustrating a config- 
uration of a normal mode signal suppressing circuit 
of a fourth embodiment of the invention. 
FIG. 1 7 is a schematic diagram illustrating an ex- 
ample of configuration of an LC filter for reducing 
common mode noise. 

FIG. 18 is a schematic diagram illustrating an ex- 
ample of configuration of an LC filter for reducing 
normal mode noise. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0033] Preferred embodiments of the invention will 
now be described in detail with reference to the accom- 
panying drawings. 

[First Embodiment] 

[0034] FIG. 1 is a schematic diagram illustrating a ba- 
sic configuration of a common mode signal suppressing 
circuit of a first embodiment of the invention. The com- 
mon mode signal suppressing circuit of the embodiment 
comprises a pair of terminals 1 a and 1 b, another pair of 
terminals 2a and 2b, a conductor line 3 connecting the 
terminals 1 a and 2a to each other, and a conductor line 
4 connecting the terminals 1 b and 2b to each other. The 
common mode signal suppressing circuit is designed to 
be connected to a power line for transmitting alternating 



current power or direct current power. The power line 
includes two power conductor lines. The common mode 
signal suppressing circuit is designed to be inserted 
somewhere along the two power conductor lines. The 
s terminals 1 a and 2a are connected to one of the power 
conductor lines while the terminals 1b and 2b are con- 
nected to the other of the power conductor lines. A 
source of common mode signals to be suppressed by 
the common mode signal suppressing circuit is connect- 
ed to the terminals 1 a and 1 b or the terminals 2a and 
2b. Therefore; the common mode signals to be sup- 
pressed are inputted to the common mode signal sup- 
pressing circuit from the terminals 1a and 1 b or the ter- 
minals 2a and 2b. 

[0035] Here, the common mode signals are signals 
propagating through the two power conductor lines with 
identical phases. The common mode signals to be sup- 
pressed include noise and unwanted communications 
signals. 

[0036] The common mode signal suppressing circuit 
further comprises: a first winding 1 1 inserted to the con- 
ductor line 3 at a specific first point A; a second winding 
12 that is inserted to the conductor line 4 at a second 
point B corresponding to the first point A and is coupled 
to the first winding 11 through a magnetic core 10 and 
that suppresses common mode signals in cooperation 
with the first winding 1 1 ; and a third winding 1 3 coupled 
to the first winding 11 and the second winding 12 through 
the core 10 such that a mutual inductance is generated 
between the third winding 13 and the first and second 
windings 11 , 12. For example, the numbers of turns of 
the windings 11, 12 and 13 may be equal. The core 10, 
the first winding 1 1 and the second winding 1 2 make up 
a common mode choke coil. That is, the windings 1 1 and 
1 2 are wound around the core 1 0 in such directions that, 
when magnetic fluxes are induced in the core 1 0 by cur- 
rents flowing through the windings 11 and 12 when a 
normal mode current is fed to the windings 11 and 12, 
these fluxes are cancelled out by each other. The wind- 
ings 1 1 and 1 2 thereby suppress common mode signals 
and allow normal mode signals to pass. 
[0037] The common mode signal suppressing circuit 
further comprises a phase-inverted signal transmitting 
circuit 15 connected to the third winding 13 and to the 
conductor line 3 at a third point C different from the first 
point A, and furthermore, to the conductor line 4 at a 
fourth point D corresponding to the third point C and dif- 
ferent from the second point B. The phase-inverted sig- 
nal transmitting circuit 15 transmits phase-inverted sig- 
nals forsuppressing common mode signals. The phase- 
inverted signal transmitting circuit 15 has first to third 
terminals. The first terminal is connected to the conduc- 
tor line 3 at the third point C. The second terminal is 
connected to the conductor line 4 at the fourth point D. 
The third terminal is connected to an end of the third 
winding 13. The other end of the third winding 13 is 
grounded. The phase-inverted signal transmitting circuit 
15 corresponds to the phase-inverted signal transmi- 
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ting means of the invention. 

[0038] FIG. 2 is a schematic diagram illustrating a 
specific example of configuration of the common mode 
signal suppressing circuit of FIG. 1 . In this example, the 
phase-inverted signal transmitting circuit 15 is made up 
of a high-pass filter 15A for allowing signals having a 
specific frequency or higher to pass among common 
mode signals or phase-inverted signals. The high-pass 
filter 15A includes capacitors 51 and 52. The capacitor 
51 has an end connected to the conductor line 3 at the 
point C. The capacitor 52 has an end connected to the 
conductor line 4 at the point D. The other end of each 
of the capacitors 51 and 52 is connected to an end of 
the third winding 13. 

[0039] The operation of the common mode signal 
suppressing circuit of the embodiment will now be de- 
scribed. First, the operation of the common mode signal 
suppressing circuit will be described, wherein the com- 
mon mode signal source is located at a point closer to 
the third and fourth points C and D than the first and 
second points A and B except a point between the first 
point A and the third point C and a point between the 
second point B and the fourth point D. In this case, the 
phase-inverted signal transmitting circuit 15 detects a 
common mode signal at the third and fourth points C 
and D, and supplies a phase-inverted signal to the third 
winding 13, the phase-inverted signal having a phase 
opposite to the phase of the common mode signal de- 
tected. The third winding 13 injects the phase-inverted 
signal to the two conductor lines 3 and 4 at the first and 
second points A and B through the first winding 11 and 
the second winding 12. As a result, the common mode 
signal is suppressed on portions of the two conductor 
lines 3 and 4 from the first and second points A and B 
onward, respectively, along the direction of travel of the 
common mode signal. 

[0040] Next, the operation of the common mode sig- 
nal suppressing circuit will be described, wherein the 
common mode signal source is located at a point closer 
to the first and second points A and B than the third and 
fourth points C and D except a point between the first 
point A and the third point C and a point between the 
second point B and the fourth point D. In this case, the 
third winding 13 detects a common mode signal on the 
conductor lines 3 and 4 at the first and second points A 
and B. The phase-inverted signal transmitting circuit 15 
injects a phase-inverted signal to the two conductor 
lines 3 and 4 at the third and fourth points C and D, the 
phase-inverted signal having a phase opposite to the 
phase of the common mode signal detected by the third 
winding 1 3. As a result, the common mode signal is sup- 
pressed on portions of the two conductor lines 3 and 4 
from the third and fourth points C and D onward, respec- 
tively, along the direction of travel of the common mode 
signal. 

[0041] Reference is now made to FIG. 3 to describe 
the principle of suppression of common mode signals 
by the common mode signal suppressing circuit of the 



embodiment. Here, a case will be described, wherein 
the common mode signal source is located at a point 
closer to the third and fourth points C and D than the 
first and second points A and B. FIG. 3 illustrates the 

5 common mode signal suppressing circuit having a con- 
figuration similar to that of FIG. 2. In the following de- 
scription, it is assumed that the impedance of the high- 
pass filter 15A (the capacitors 51 and 52) is zero, the 
numbers of turns of the windings 11 to 13, for example, 

10 are equal, and the coupling coefficient between the 
winding 13 and the windings 11 and 12 is 1. 
[0042] It is assumed that, in the common mode signal 
suppressing circuit of FIG. 3, a common mode signal 
that creates a potential difference Vin1 in the potential 

15 of the ground GND is inputted to the terminals 1a and 
1b. If the common mode signal has a frequency within 
the pass band of the high-pass filter 15A, the common 
mode signal passes through the high-pass filter 15A, 
and a phase shift of 180 degrees occurs at the same 

20 time by means of the operation of the capacitors 51 and 
52. As a result, a potential difference -Vin1 is created 
between the ends of the third winding 13. A potential 
difference -Vin1 is also created between the ends of the 
first winding 11 and between the ends of the second 

25 winding 12, in accordance with the potential difference 
-Vin1 created between the ends of the third winding 13. 
This is expressed by the equation below where the dif- 
ference between the potential of the ground GND and 
the potential of the terminals 2a and 2b is Vol . 

30 

Vol = Vin1 +(-Vin1) = 0 

[0043] According to the common mode signal sup- 

35 pressing circuit of FIG. 3 as thus described, as long as 
the impedance of the high-pass filter 15A is zero and 
the coupling coefficient between the winding 1 3 and the 
windings 11 and 12 is 1, it is possible to completely re- 
move common mode signals at any frequency within the 

40 pass band of the high-pass filter 15A. In practice, how- 
ever, it is impossible that the impedance of the high-pass 
filter 15A is zero. In addition, the coupling coefficient be- 
tween the winding 13 and the windings 11 and 12 is 
smaller than 1 . Therefore, the common mode signal 

45 suppressing circuit of FIG. 3 is not capable of removing 
common mode signals completely. Nevertheless, ac- 
cording to the embodiment, it is possible to implement 
the common mode signal suppressing circuit that is ca- 
pable of effectively suppressing common mode signals 

50 in a wide frequency range and that has a simple config- 
uration to achieve a reduction in size. 
[0044] Reference is now made to FIG. 4 to describe 
details of the operation of the common mode signal sup- 
pressing circuit of the embodiment. FIG. 4 illustrates a 

55 portion of the common mode signal suppressing circuit 
of FIG. 2 that relates to suppression of signals passing 
through the conductor line 3. The circuit of FIG. 4 incor- 
porates the terminals 1 a and 2a, the first winding 1 1 , the 
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third winding 1 3 and the capacitor 51 . A common mode 
signal source 21 and a load 22 are connected to the cir- 
cuit of FIG. 4. The common mode signal source 21 is 
connected between the terminal 1a and the ground 
GND, and creates a potential difference Vin1 between 
the terminal 1 a and the ground GND. The load 22 is con- 
nected between the terminal 2a and the ground GND, 
and has an impedance Zo1 . 

[0045] In the circuit of FIG. 4, the inductance of the 
third winding 13 is L11 , the inductance of the first wind- 
ing 11 isL12, and the capacitance of the capacitor 51 is 
C11 . The current passing through the capacitor 51 and 
the third winding 13 Is'HV, and the sum of impedances 
on the path of the current i11 is 21 . The current passing 
through the first winding 11 is 'M2\ and the sum of im- 
pedances on the path of the current i12 is 22. 
[0046] The mutual inductance between the first wind- 
ing 11 and the third winding 13 is M, and the coupling 
coefficient between the first winding 11 and the third 
winding 1 3 is K. The coupling coefficient K is expressed 
by the following equation (1). 

K=M/V(L11 -L12) (1) 

[0047] The above-mentioned sums Z1 and Z2 of im- 
pedances are expressed by the following equations (2) 
and (3), respectively, where 'j' indicates V(-1), and 'to' 
indicates the angular frequency of the common mode 
signal. 

Z1 = j(a>L11 -1/0)011) (2) 



Z2=Zo1 +jo>L12 (3) 

[0048] The potential difference Vin1 is expressed by 
the following equations (4) and (5). 

Vin1 =21 -i11 +jo>M.i12 (4) 



Vin1 =Z2-i12 + ja)M.i11 (5) 

[0049] Based on the equations (2) to (5), an equation 
that expresses the current 'i1 2' without including the cur- 
rent 'ill' will be obtained below. First, the following equa- 
tion (6) is obtained from the equation (4). 

i11 = (Vin1 -jwM • i12)/Z1 (6) 

[0050] Next, the equation (6) is substituted into the 
equation (5), and the following equation (7) is thereby 
obtained. 



i12 = Vin1 (Z1 - jwM)/ (Z1 • Z2 + o> 2 - M 2 ) (7) 

[0051] To suppress the common mode signal by the 
circuit of FIG. 4 means a reduction in current 'i12' ex- 
pressed by the equation (7). According to the equation 
(7), the current 'i12' is reduced if the denominator of the 
right side of the equation (7) increases. Consideration 
will now be given to the denominator (21 . 22 + co 2 • M 2 ) 
of the right side of the equation (7). 
[0052] First, since 21 is expressed by the equation 

(2) , 21 increases as the inductance L11 of the third wind- 
ing 13 increases, and 21 increases as the capacitance 
C11 of the capacitor 51 increases. 

[0053] Next, since 22 is expressed by the equation 

(3) , 22 increases as the inductance L1 2 of the first wind- 
ing 11 increases. Therefore, the current 'i12' is reduced 
if the inductance L12 is increased. 

[0054] Since the denominator of the right side of the 
equation (7) includes co 2 • M 2 , the current 'i12' is reduced 
by increasing the mutual inductance M. As shown in the 
equation (1 ), the coupling coefficient K is proportional to 
the mutual inductance M. Therefore, if the coupling co- 
efficient K is increased, the effect of suppressing com- 
mon mode signals by the circuit of FIG. 4 is enhanced. 
Since the mutual inductance M is included in a form of 
square in the denominator of the right side of the equa- 
tion (7) , the effect of suppressing common mode signals 
greatly varies, depending on the value of coupling coef- 
ficient K. 

[0055] The foregoing description similarly applies to 
a portion of the common mode signal suppressing circuit 
of FIG. 2 that relates to suppression of signals passing 
through the conductor line 4. 

[0056] If the common mode signal source is located 
closer to the first and second points A and B than the 
third and fourth points C and D, the roles of the third 
winding 13 and the phase-inverted signal transmitting 
circuit 1 5 are the reverse of the roles described with ref- 
erence to FIG. 3 and FIG. 4. However, the foregoing de- 
scription similarly applies to such a case, too. 
[0057] According to the embodiment as thus de- 
scribed, it is possible to implement the common mode 
signal suppressing circuit capable of effectively sup- 
pressing common mode signals in a wide frequency 
range and achieving a reduction in size. 
[0058] According to the embodiment, it is possible to 
implement the common mode signal suppressing circuit 
that has a greater effect of suppressing common mode 
signals although it has a smaller number of components 
than a conventional EMI filter does and is inexpensive. 
[0059] According to the embodiment, if the phase-in- 
verted signal transmitting circuit 15 is made up of the 
capacitors 51 and 52, it is possible only by the capacitors 
51 and 52 to perform detection of common mode signals 
and generation of phase-inverted signals each having 
a phase opposite to the phase of each of the common 
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mode signals detected. As a result, the number of com- 
ponents Is further reduced In this case. 
[0060] The common mode signal suppressing circuit 
of the embodiment may be used as a means for reduc- 
ing a ripple voltage and noise developed by a power 
transformer circuit, or a means for avoiding communi- 
cations signals on an indoor power line from leaking to 
an outdoor power line. 

[Second Embodiment] 

[0061] FIG. 5 is a schematic diagram illustrating a ba- 
sic configuration of a common mode signal suppressing 
circuit of a second embodiment of the invention. The 
common mode signal suppressing circuit of the second 
embodiment has a configuration of the common mode 
signal suppressing circuit of the first embodiment to 
which an impedance element 16 is added. The imped- 
ance element 1 6 is provided at points on the conductor 
lines 3 and 4 between the first point A and the third point 
C and between the second point 6 and the fourth point 
D. The impedance element 16 reduces the peak value 
of a common mode signal passing therethrough. As a 
result, in the common mode signal suppressing circuit 
of the second embodiment, the difference between the 
peak value of the common mode signal propagating via 
the impedance element 16 and the peak value of the 
phase-inverted signal injected to the conductor lines 3 
and 4 via the phase-inverted signal transmitting circuit 
15 is reduced. As a result, according to the common 
mode signal suppressing circuit of the embodiment, it is 
possible to suppress common mode signals in a wider 
frequency range more effectively. 
[0062] FIG. 6 is a schematic diagram illustrating a 
specific example of configuration of the common mode 
signal suppressing circuit of FIG. 5. In this example, as 
in the example illustrated in FIG. 2, the phase-inverted 
signal transmitting circuit 15 is made up of the high-pass 
filter 15A. The high-pass filter 15A includes the capaci- 
tors 51 and 52. 

[0063] In the example of FIG. 6, the impedance ele- 
ment 16 incorporates: a fourth winding 61 inserted to 
the conductor line 3; and a fifth winding 62 that is insert- 
ed to the conductor line 4 and coupled to the fourth wind- 
ing 61 through a magnetic core 60 and that suppresses 
common mode signals in cooperation with the fourth 
winding 61. For example, the numbers of windings 61 
and 62 may be equal. The core 60 and the windings 61 
and 62 make up a common mode choke coil. That is, 
the windings 61 and 62 are wound around the core 60 
in such directions that, when magnetic fluxes are in- 
duced in the core 60 by currents flowing through the 
windings 61 and 62 when a normal mode current is fed 
to the windings 61 and 62, these fluxes are cancelled 
out by each other. The windings 61 and 62 thereby sup- 
press common mode signals and allow normal mode 
signals to pass. 

[0064] Reference is now made to FIG. 7 to describe 



details of the operation of the common mode signal sup- 
pressing circuit of the second embodiment. FIG. 7 illus- 
trates a portion of the common mode signal suppressing 
circuit of FIG. 6 that relates to suppression of signals 

5 passing through the conductor line 3. The circuit of FIG. 
7 incorporates the terminals 1 a and 2a, the first winding 
1 1 , the third winding 1 3, the capacitor 51 and the fourth 
winding 61. The common mode signal source 21 and 
the load 22 are connected to the circuit of FIG. 7. The 

io common mode signal source 21 is connected between 
the terminal 1 a and the ground GND, and creates a po- 
tential difference Vin1 between the terminal 1a and the 
ground GND. The load 22 is connected between the ter- 
minal 2a and the ground GND, and has an impedance 

15 2o1 . 

[0065] In the circuit of FIG. 7, the inductance of the 
third winding 13 is L1 1 , the inductance of the first wind- 
ing 11 is L1 2, the capacitance of the capacitor 51 isC11, 
and the inductance of the fourth winding 61 is L21 . The 

20 current passing through the capacitor 51 and the third 
winding 13 is 'i11\ and the sum of impedances on the 
path of the current i1 1 is Z1 . The current passing through 
the fourth winding 61 and the first winding 11 is 'i1 2\ and 
the sum of impedances on the path of the current i12 is 

25 22. The mutual inductance between the first winding 1 1 
and the third winding 13 is M, and the coupling coeffi- 
cient between the first winding 11 and the third winding 
13 is K. The coupling coefficient K is expressed by the 
above-mentioned equation (1). 

30 [0066] In the second embodiment, the sum of imped- 
ances Z1 is expressed by the above-mentioned equa- 
tion (2), and the sum of impedances Z2 is expressed by 
the following equation (8). 

Z2 = Zo1 + jco(L12 + L21) (8) 

[0067] The potential difference Vin1 is expressed by 
the above-mentioned equations (4) and (5). In the sec- 
40 ond embodiment, the equation that expresses the cur- 
rent 'i12' without including the current 'i1V is the above- 
mentioned equation (7), as in the first embodiment. 
[0068] To suppress the common mode signal by the 
circuit of FIG. 7 means a reduction in current 'i12' ex- 
45 pressed by the equation (7). According to the equation 
(7), the current 'i1 2' is reduced if the denominator of the 
right side of the equation (7) increases. Consideration 
will now be given to the denominator (Z1 • Z2 + go 2 ■ M 2 ) 
of the right side of the equation (7). 
so [0069] First, since Z1 is expressed by the equation 
(2),Z1 increases as the inductance L11 of the third wind- 
ing 13 increases, and Z1 increases as the capacitance 
C11 of the capacitor 51 increases. This is the same as 
described in the first embodiment. 
55 [0070] Next, in the circuit of FIG. 7, since Z2 is ex- 
pressed by the equation (8), Z2 increases as the sum 
of the inductance L12 of the first winding 11 and the in- 
ductance L21 of the fourth winding 61 increases. There- 
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fore, the current 'i12* is reduced if at least one of the 
inductance L12 and the inductance L21 is increased. In 
addition, the equation (7) shows that, although it is pos- 
sible to suppress common mode signals only by the first 
winding 11 , it is possible to suppress common mode sig- 
nals more effectively by adding the fourth winding 61 . 
[0071] As in the first embodiment, the current 'M2' is 
reduced by increasing the mutual inductance M. 
[0072] The foregoing description similarly applies to 
a portion of the common mode signal suppressing circuit 
of FIG. 6 that relates to suppression of signals passing 
through the conductor line 4. 

[0073] If the common mode signal source is located 
closer to the first and second points A and B than the 
third and fourth points C and D, the roles of the third 
winding 13 and the phase- inverted signal transmitting 
circuit 15 are the reverse of the roles described with ref- 
erence to FIG. 7. However, the foregoing description 
similarly applies to such a case, too. 
[0074] Reference is now made to FIG. 8 to describe 
the result of determining the relationship between the 
effect of suppressing common mode signals and the in- 
ductances of the windings 61 and 62 of the common 
mode signal suppressing circuit of FIG. 6 by simulation. 
FIG. 8 shows frequency characteristics of gains ob- 
tained by simulation for a reference circuit and the com- 
mon mode signal suppressing circuit of FIG. 6. 
[0075] The reference circuit comprises: a pair of ter- 
minals 1a and 1b; another pair of terminals 2a and 2b; 
a first inductance element having an end connected to 
the terminal 1 a and the other end connected to the ter- 
minal 2a; and a second inductance element having an 
end connected to the terminal 1 b and the other end con- 
nected to the terminal 2b. A line of FIG. 8 indicated with 
numeral 31 shows the characteristic of the reference cir- 
cuit when the inductance of each of the above-men- 
tioned first and second inductance elements is 33 u.H. 
A line of FIG. 8 indicated with numeral 32 shows the 
characteristic of the reference circuit when the induct- 
ance of each of the first and second inductance ele- 
ments is 90 uJH. 

[0076] Lines of FIG. 8 indicated with numerals 33 to 
38 show the characteristics of the common mode signal 
suppressing circuit of FIG. 6. In the simulation, the ca- 
pacitance of each of the capacitors 51 and 52 is 1000 
pF, the inductance of each of the first winding 11, the 
second winding 12 and the third winding 13 is 30 uJH, 
and the coupling coefficient between the winding 1 3 and 
the windings 11 and 12 is 0.995. The value of 0.995 is 
a value that can be obtained as the coupling coefficient. 
[0077] In the simulation no difference in characteristic 
of the common mode signal suppressing circuit is ob- 
served between the case in which the common mode 
signal source is located at a point closer to the first and 
second points A and B and the case in which the com- 
mon mode signal source is located at a point closer to 
the third and fourth points C and D. 
[0078] The line indicated with numeral 33 shows the 



characteristic obtained when the inductance of each of 
the windings 61 and 62 is zero. The configuration of the 
common mode signal suppressing circuit of FIG. 6 in 
this case is the same as the configuration of the common 

s mode signal suppressing circuit of FIG. 2. The line indi- 
cated with numeral 34 shows the characteristic obtained 
when the inductance of each of the windings 61 and 62 
is 0.3 uH The line indicated with numeral 35 shows the 
characteristic obtained when the inductance of each of 

io the windings 61 and 62 is 3 u.H. 

The line indicated with numeral 36 shows the charac- 
teristic obtained when the inductance of each of the 
windings 61 and 62 is 30 u.H. The line indicated with 
numeral 37 shows the characteristic obtained when the 
inductance of each of the windings 61 and 62 is 60 u.H. 
The line indicated with numeral 38 shows the charac- 
teristic obtained when the inductance of each of the 
windings 61 and 62 is 600 uJH. 

[0079] The result of the simulation shown in FIG. 8 will 
20 now be considered. First, the following facts will be ob- 
tained from the comparison among the lines indicated 
with numerals 31 , 32 and 35. The common mode signal 
suppressing circuit wherein the inductance of the first 
winding 1 1 is 30 u.H , the inductance of the fourth win ding 
25 61 is 3 u.H, and the sum of these inductances is 33 p,H 
has a greater effect of suppressing common mode sig- 
nals in a frequency range of approximately 1 MHz and 
higher, compared with the reference circuit wherein the 
inductance of the inductance element is 33 uJH. This 
30 common mode-signal suppressing circuit has a greater 
effect of suppressing common mode signals in a fre- 
quency range of approximately 3 MHz and higher, com- 
pared with the reference circuit wherein the inductance 
of the inductance element is 90 jxH. Because of this fea- 
35 ture, according to the embodiment, it is possible to make 
the inductance element smaller, compared with the ref- 
erence circuit, and it is thereby possible to reduce the 
entire circuit in size. 

[0080] The result of the simulation shown in FIG. 8 will 
40 now be considered. First, the following facts will be ob- 
tained from the comparison among the lines indicated 
with numerals 31 , 32 and 35. The common mode signal 
suppressing circuit wherein the inductance of the first 
winding 1 1 is 30 u.H, the inductance of the fourth winding 
45 61 is 3 p.H, and the sum of these inductances is 33 u.H 
has a greater effect of suppressing common mode sig- 
nals in a frequency range of approximately 1 MHz and 
higher, compared with the reference circuit wherein the 
inductance of the inductance element is 33 uJH. This 
50 common mode signal suppressing circuit has a greater 
effect of suppressing common mode signals in a fre- 
quency range of approximately 3 MHz and higher, com- 
pared with the reference circuit wherein the inductance 
of the inductance element is 90 u.H. Because of this fea- 
55 ture, according to the embodiment, it is possible to make 
the inductance element smaller, compared with the ref- 
erence circuit, and it is thereby possible to reduce the 
entire circuit in size. 
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[0081] If the line with numeral 31 and the line with nu- 
meral 33 are compared, it Is noted that the effect of sup- 
pressing common mode signals is obtained even when 
the inductance of the windings 61 and 62 is zero, that 
is, when the impedance element 1 6 is not provided. 5 
[0082] However, as the comparison among the lines 
with numerals 33 to 38 shows, a greater effect of sup- 
pressing common mode signals is obtained when the 
impedance element 16 is provided, compared with the 
case in which the impedance element 1 6 is not provided. 10 
Moreover, the effect of suppressing common mode sig- 
nals increases as the inductance of the windings 61 and 
62 increases. However, the impedance element 16 is 
increased in dimensions as the inductance of the wind- 
ings 61 and 62 increases. Therefore, if the inductance *5 
of the windings 61 and 62 exceeds 600 u.H, the practi- 
cality is reduced. It is noted that, if the inductance of the 
windings 11 to 13 is 30 u.H, a sufficient effect of sup- 
pressing common mode signals is obtained as long as 
the inductance of the windings 61 and 62 is 30 or 60 uJH. 20 
These findings indicate that it is sufficient that the induct- 
ance of the windings 61 and 62 is 30 or 60 u.H. In addi- 
tion, it would be preferred that the inductance of the 
windings 61 and 62 is of a value similar to that of the 
windings 11 to 13. 25 
[0083] The consideration of FIG. 8 indicates that the 
inductance of the windings 61 and 62 should preferably 
fall within a range of 0.3 u.H to 600 |iH inclusive, more 
preferably within a range of 3 u.H to 60 u.H inclusive, and 
still more preferably within a range of 3 u,H to 30 u.H in- 30 
elusive. 

[0084] Reference is now made to FIG. 9 to describe 
the result of determining the relationship between the 
effect of suppressing common mode signals and the 
coupling coefficient between the winding 13 and the 35 
windings 11 and 12 of the common mode signal sup- 
pressing circuit of FIG. 6 by simulation. FIG. 9 shows 
frequency characteristics of gains obtained by simula- 
tion for the above-mentioned reference circuit and the 
common mode signal suppressing circuit of FIG. 6. *o 
[0085] Lines of FIG. 9 indicated with numerals 41 and 
42 show the characteristics of the reference circuit un- 
der the conditions the same as those in the cases for 
the lines of FIG. 8 indicated with numerals 31 and 32. 
[0086] Lines of FIG. 9 indicated with numerals 43 to 45 
46 show the characteristics of the common mode signal 
suppressing circuit of FIG. 6. In the simulation, the ca- 
pacitance of the capacitors 51 and 52 is 1000 pF, and 
the inductance of each of the windings 11, 12, 13, 61 
and 62 is 30 u.H. The lines with numerals 43 to 46 show so 
the characteristics obtained in the cases in which the 
coupling coefficients between the winding 13 and the 
windings 11 and 12 are 0.7, 0.9, 0.995, and 1, respec- 
tively. 

[0087] Consideration will now be given to the result of 55 
the simulation shown in FIG. 9. First, in the common 
mode signal suppressing circuit, if the coupling coeffi- 
cient is 0.7 or greater, a greater effect of suppressing 



common mode signals is obtained, compared with the 
reference circuit. As the coupling coefficient increases, 
the effect of suppressing common mode signals is en- 
hanced. FIG. 9 being considered, the coupling coeffi- 
cient should preferably be 0.7 or greater, and more pref- 
erably be 0.9 or greater, and still more preferably be 
0.995 or greater. 

[0088] According to the common mode signal sup- 
pressing circuit of the embodiment as thus described, it 
is possible to suppress common mode signals in a wider 
frequency range more effectively, compared with the 
common mode signal suppressing circuit of the first em- 
bodiment. 

[0089] The remainder of configuration, operations 
and effects of the second embodiment are similar to 
those of the first embodiment. 

[Third Embodiment] 

[0090] FIG. 10 is a schematic diagram illustrating a 
basic configuration of a normal mode signal suppress- 
ing circuit of a third embodiment of the invention. The 
normal mode signal suppressing circuit of the third em- 
bodiment comprises a pair of terminals 1 01 a and 101b, 
another pair of terminals 102a and 102b, a conductor 
line 1 03 connecting the terminals 1 01 a and 1 02a to each 
other, and a conductor line 1 04 connecting the terminals 
101b and 102b to each other. The normal mode signal 
suppressing circuit is designed to be connected to a 
power line for transmitting alternating current power or 
direct current power. The power line includes two power 
conductor lines. The normal mode signal suppressing 
circuit is designed to be inserted somewhere along the 
two power conductor lines. The terminals 101a and 
102a are connected to one of the power conductor lines 
while the terminals 1 01 b and 1 02b are connected to the 
other of the power conductor lines. A source of normal 
mode signals to be suppressed by the normal mode sig- 
nal suppressing circuit is connected to the terminals 
101a and 101b or the terminals 102a and 102b. There- 
fore, the normal mode signals to be suppressed are in- 
putted to the normal mode signal suppressing circuit 
from the terminals 1 01 a and 1 01 b or the terminals 1 02a 
and 102b. 

[0091] Here, the normal mode signals are signals 
transmitted by the two power conductor lines and cre- 
ating a potential difference between the two power con- 
ductor lines. The normal mode signals to be suppressed 
include noise and unwanted communications signals. 
[0092] The normal mode signal suppressing circuit 
further comprises: a first inductance element 111 insert- 
ed to the conductor line 103 at a specific first point E; 
and a second inductance element 112 coupled to the 
first inductance element 111 through a magnetic core 
1 1 3 such that a mutual inductance is generated between 
the second inductance element 1 1 2 and the first induct- 
ance element 111. The inductance elements 111 and 
112 have windings, and the turns ratio of the windings 
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may be 1 : 1 , for example. 

[0093] The normal mode signal suppressing circuit 
further comprises a phase-inverted signal transmitting 
circuit 115 connected to the second inductance element 
1 1 2 and to the conductor line 1 03 at a point F different s 
from the first point E. The phase-inverted signal trans- 
mitting circuit 115 transmits phase- inverted signals for 
suppressing normal mode signals. The phase-inverted 
signal transmitting circuit 115 has an end connected to 
the conductor line 1 03 at the point F. The circuit 1 1 5 has 
the other end connected to an end of the second induct- 
ance element 1 1 2. The other end of the second induct- 
ance element 112 is connected to the conductor line 
104. The phase- inverted signal transmitting circuit 115 
corresponds to the phase-inverted signal transmitting 
means of the invention. 

[0094] The normal mode signal suppressing circuit 
further comprises an impedance element 1 1 6 that is pro- 
vided at a point on the conductor line 103 between the 
first point E and the second point F and that reduces the 
peak value of a normal mode signal passing there- 
through. 

[0095] FIG. 11 is a schematic diagram illustrating a 
specific example of configuration of the normal mode 
signal suppressing circuit of FIG. 10. In this example, 
the phase-inverted signal transmitting circuit 115 is 
made up of a high-pass filter 11 5A for allowing signals 
having a specific frequency or higher to pass among 
normal mode signals or phase-inverted signals. The 
high-pass filter 1 1 5A includes a capacitor 1 1 5a. The ca- 
pacitor 1 1 5a has an end connected to the conductor line 
1 03 at the point F. The capacitor 1 1 5a has the other end 
connected to an end of the second inductance element 
112. 

[0096] In the example shown in FIG. 11, the imped- 
ance element 11 6 is made up of a third inductance ele- 
ment 11 6A. The third inductance element 116A has an 
end connected to the terminal 101a and the other end 
connected to an end of the first inductance element 111. 
[0097] The operation of the normal mode signal sup- 
pressing circuit of the embodiment will now be de- 
scribed. First, the operation of the normal mode signal 
suppressing circuit will be described, wherein the nor- 
mal mode signal source is located at a point closer to 
the second point F than the first point E except a point 
between the first point E and the second point F. In this 
case, the phase-inverted signal transmitting circuit 115 
detects a normal mode signal on the conductor line 1 03 
at the second point F, and supplies a phase-inverted sig- 
nal to the second inductance element 112, the phase- 
inverted signal having a phase opposite to the phase of 
the normal mode signal detected. The second induct- 
ance element 112 injects the phase-inverted signal to 
the conductor line 103 at the first point E through the 
first inductance element 111. As a result, the normal 
mode signal is suppressed on a portion of the conductor 
line 1 03 from the first point E onward along the direction 
of travel of the normal mode signal. 



[0098] Next, the operation of the normal mode signal 
suppressing circuit will be described, wherein the nor- 
mal mode signal source is located at a point closer to 
the first point E than the second point F except a point 
between the first point E and the second point F. In this 
case, the second inductance element 112 detects a nor- 
mal mode signal on the conductor line 103 at the first 
point E. The phase-inverted signal transmitting circuit 
1 1 5 injects a phase-inverted signal to the conductor line 
1 03 at the second point F, the phase-inverted signal hav- 
ing a phase opposite to the phase of the normal mode 
signal detected by the second inductance element 112. 
As a result, the normal mode signal is suppressed on a 
portion of the conductor line 103 from the second point 
F onward along the direction of travel of the normal 
mode signal. 

[0099] According to the embodiment, the impedance 
element 1 1 6 reduces the peak value of a signal passing 
therethrough. As a result, the difference between the 
peak value of the normal mode signal propagating via 
the impedance element 116 and the peak value of the 
phase-inverted signal injected to the conductor line 1 03 
via the phase-inverted signal transmitting circuit 115 is 
reduced. 

[01 00] Reference is now made to FIG. 1 2 to describe 
the principle of suppression of normal mode signals by 
the normal mode signal suppressing circuit of the em- 
bodiment. Here, a case will be described wherein the 
normal mode signal source is located at a point closer 
to the second point F than the first point E. FIG. 1 2 illus- 
trates the configuration of FIG. 11 from which the third 
inductance element 116A is removed. In the following 
description, it is assumed that the impedance of the 
high-pass filter 115A (the capacitor 115a) is zero, the 
turns ratio between the first inductance element 111 and 
the second inductance element 112 is 1 : 1 , for example, 
and the coupling coefficient between the first inductance 
element 111 and the second inductance element 112 is 
1. 

[0101] it is assumed that, in the circuit of FIG. 12, a 
normal mode signal that creates a potential difference 
Vin2 between the terminals 101a and 101b is inputted 
to the terminals 101a and 1 01 b. If the normal mode sig- 
nal has a frequency within the pass band of the high- 
pass filter 1 1 5A, the normal mode signal passes through 
the high-pass filter 115A, and a phase shift of 180 de- 
grees occurs at the same time by means of the operation 
of the capacitor 115a. As a result, a potential difference 
-Vin2 is created between the ends of the second induct- 
ance element 112. A potential difference -Vin2 is also 
created between the ends of the first inductance ele- 
ment 111 in accordance with the potential difference 
-Vin2 created between the ends of the second induct- 
ance element 112. This is expressed by the equation 
below where the potential difference between the termi- 
nals 102a and 102b is Vo2. 
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Vo2 = Vin2 + (-Vin2) = 0 

[0102] According to the circuit of FIG. 12 as thus de- 
scribed, as long as the impedance of the high-pass filter 
115A is zero and the coupling coefficient between the 
first inductance element 111 and the second inductance 
element 1 1 2 is 1 , it is possible to completely remove nor- 
mal mode signals at any frequency within the pass band 
of the high-pass filter 115A. 

[0103] In practice, however, it is impossible that the 
impedance of the high-pass filter 115A is zero, and the 
impedance varies in response to the frequency. In par- 
ticular, if the high-pass filter 115A is made up of the ca- 
pacitor 1 1 5a, a series resonant circuit is made up of the 
capacitor 1 1 5a and the second inductance element 1 1 2. 
Therefore, the impedance of the signal path including 
the capacitor 115a and the second inductance element 
112 is reduced only in a narrow frequency range around 
the resonant frequency of the series resonant circuit. As 
a result, the circuit of FIG. 12 is capable of removing 
normal mode signals only in a narrow frequency range. 
[0104] In addition, the coupling coefficient between 
the first inductance element 1 1 1 and the second induct- 
ance element 112 is smaller than 1 in practice. There- 
fore, it is impossible that voltage of a value the same as 
that of the voltage supplied to the second inductance 
element 1 1 2 is generated at the first inductance element 
111. 

[0105] Because of the foregoing reasons, the circuit 
of FIG. 12 is not capable of effectively suppressing nor- 
mal mode signals in a wide frequency range. 
[0106] According to the normal mode signal sup- 
pressing circuit of the embodiment, the impedance ele- 
ment 1 1 6 is provided on the conductor line 1 03 between 
the first point E and the second point F so as to reduce 
the peak value of a normal mode signal passing there- 
through. As a result, in the normal mode signal sup- 
pressing circuit, the difference between the peak value 
of the normal mode signal propagating via the imped- 
ance element 116 and the peak value of the phase-in- 
verted signal injected to the conductor line 1 03 via the 
phase- Inverted signal transmitting circuit 115 is re- 
duced. As a result, according to the normal mode signal 
suppressing circuit, it is possible to effectively suppress 
normal mode signals in a wide frequency range. 
[0107] Reference is now made to FIG. 1 3 to describe 
details of the operation of the normal mode signal sup- 
pressing circuit of the embodiment. FIG. 13 illustrates a 
circuit in which a normal mode signal source 121 and a 
load 122 are connected to the normal mode signal sup- 
pressing circuit of FIG. 11. The normal mode signal 
source 121 is connected between the terminals 101a 
and 101b, and creates a potential difference Vin2 be- 
tween the terminals 101a and 101b. The load 1 22 is con- 
nected between the terminals 102a and 102b, and has 
an impedance Zo2. 

[0108] In the circuit of FIG. 13, the inductance of the 



second inductance element 112 is L31 , the inductance 
of the first inductance element 111 is L32, the capaci- 
tance of the capacitor 115a is C21 , and the inductance 
of the third inductance element 1 1 6A is L41 . The current 

s passing through the capacitor 1 1 5a and the second in- 
ductance element 1 1 2 is 'i21 ', and the sum of impedanc- 
es on the path of the current i21 is Z3. The current pass- 
ing through the third inductance element 116A and the 
first inductance element 111 is 'i22\ and the sum of im- 

10 pedances on the path of the current i22 is Z4. 

[0109] The mutual inductance between the first in- 
ductance element 111 and the second inductance ele- 
ment 112 is M, and the coupling coefficient between the 
first inductance element 111 and the second inductance 

is element 112 is K. The coupling coefficient K is ex- 
pressed by the following equation (9). 

K = M/ V(L31 • L32) (9) 

20 

[0110] The above-mentioned sums Z3 and Z4 of im- 
pedances are expressed by the following equations (1 0) 
and (11), respectively, where 'j' indicates V(-1), and V 
indicates the angular frequency of the normal mode sig- 
25 nal. 

Z3 = j(a>L31 -1/o>C21) . (10) 

Z4 = Zo2 + ja>(L32 + L41) (11) 

[0111] The potential difference Vin2 is expressed by 
the following equations (12) and (13). 

35 

Vin2 = Z3-i21 +jo>M • i22 (12) 



40 Vin2 = Z4- i22+jcoM-i21 (13) 

[0112] Based on the equations (10) to (13), an equa- 
tion that expresses the current 'i22' without including the 
current M21' will be obtained below. First, the following 
45 equation (14) is obtained from the equation (12). 

i21= (Vin2 - ja)M - i22)/Z3 (14) 

50 [0113] Next, the equation (14) is substituted into the 
equation (13), and the following equation (15) is thereby 
obtained. 

55 i22 = Vin2(Z3 - jwM)/ (Z3- Z4 + o) 2 • M2) (15) 

[0114] To suppress the normal mode signal by the 
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normal mode signal suppressing circuit of FIG. 13 
means a reduction in current 'i22' expressed by the 
equation (15). According to the equation (15), the cur- 
rent 'i22' is reduced if the denominator of the right side 
of the equation (15) increases. Consideration will now s 
be given to the denominator (Z3- Z4 + co 2 • M 2 ) of the 
right side of the equation (15). 

[0115] First, since 23 is expressed by the equation 

(10) , Z3 increases as the inductance L31 of the second 
inductance element 1 1 2 increases, and Z3 increases as 10 
the capacitance C21 of the capacitor 11 5a increases. 
[0116] Next, since Z4 is expressed by the equation 

(11) , Z4 increases as the sum of the inductance L32 of 
the first inductance element 1 1 1 and the inductance L41 

of the third inductance element 1 1 6A increases. There- 1$ 
fore, the current 'i22' is reduced if at least one of the 
inductance L32 and the inductance L41 is increased. 
The equation (15) indicates that, although it is possible 
to suppress normal mode signals only by the first induct- 
ance element 111, it is possible to suppress normal 20 
mode signals more effectively if the third inductance el- 
ement 116A is added. 

[0117] Since the denominator of the right side of the 
equation (15) includes cd 2 • M 2 the current *i22' is re- 
duced by increasing the mutual inductance M. As shown 25 
in the equation (9), the coupling coefficient K is propor- 
tional to the mutual inductance M. Therefore, if the cou- 
pling coefficient K is increased, the effect of suppressing 
normal mode signals by the normal mode signal sup- 
pressing circuit of FIG. 1 3 is enhanced. Since the mutual so 
inductance M is included in a form of square in the de- 
nominator of the right side of the equation (1 5), the effect 
of suppressing normal mode signals greatly varies, de- 
pending on the value of coupling coefficient K. 
[0118] If the normal mode signal source is located 35 
closer to the first point E than the second point F, the 
roles of the second inductance element 112 and the 
phase-inverted signal transmitting circuit 1 15 are the re- 
verse of the roles described with reference to FIG. 12 
and FIG. 13. However, the foregoing description simi- *o 
larly applies to such a case, too. 
[01 1 9] Reference is now made to FIG. 1 4 to describe 
the result of determining the relationship between the 
effect of suppressing normal mode signals and the in- 
ductance of the third inductance element 116A of the *5 
normal mode signal suppressing circuit of FIG. 11 by 
simulation. FIG. 14 shows frequency characteristics of 
gains obtained by simulation for a reference circuit and 
the normal mode signal suppressing circuit of FIG. 11 . 
[0120] The reference circuit comprises: a pair of ter- so 
minals 101a and 101b; another pair of terminals 102a 
and 102b; and an inductance element having an end 
connected to the terminal 1 01a and the other end con- 
nected to the terminal 102a. A line of FIG. 14 indicated 
with numeral 131 shows the characteristic of the refer- 55 
ence circuit when the inductance of the above-men- 
tioned inductance element is 33 |iH. A line of FIG. 14 
indicated with numeral 1 32 shows the characteristic of 



the reference circuit when the inductance of the induct- 
ance element is 90 uJH. 

[0121] Lines of FIG. 14 indicated with numerals 133 
to 1 38 show the characteristics of the normal mode sig- 
nal suppressing circuit of FIG. 11 . In the simulation, the 
capacitance of the capacitor 11 5a is 0.01 u.F, the induct- 
ance of each of the first inductance element 111 and the 
second inductance element 112 is 30 u.H, and the cou- 
pling coefficient between the first inductance element 
111 and the second inductance element 112 is 0.995. 
The value of 0.995 is a value that can be obtained as 
the coupling coefficient. 

[0122] In the simulation no difference in characteristic 
of the normal mode signal suppressing circuit is ob- 
served between the case in which the normal mode sig- 
nal source is located at a point closer to the first point E 
and the case in which the normal mode signal source is 
located at a point closer to the second point F. 
[01 23] The line indicated with numeral 1 33 shows the 
characteristic obtained when the inductance of the third 
inductance element 116A is zero. The configuration of 
the normal mode signal suppressing circuit of FIG. 11 in 
this case is the same as the configuration of the circuit 
of FIG. 12. The line indicated with numeral 134 shows 
the characteristic obtained when the inductance of the 
third inductance element 116A is 0.3 \lH. The line indi- 
cated with numeral 135 shows the characteristic ob- 
tained when the inductance of the third inductance ele- 
ment 1 1 6A is 3 u.H. The line indicated with numeral 1 36 
shows the characteristic obtained when the inductance 
of the third inductance element 11 6A is 30 u,H. The line 
indicated with numeral 137 shows the characteristic ob- 
tained when the inductance of the third inductance ele- 
ment 1 1 6A is 60 u.H. The line indicated with numeral 1 38 
shows the characteristic obtained when the inductance 
of the third inductance element 11 6A is 600 \iH. 
[0124] The result of the simulation shown in FIG. 14 
will now be considered. First, the following facts will be 
obtained from the comparison between the lines indicat- 
ed with numerals 1 32 and 1 35. The normal mode signal 
suppressing circuit wherein the inductance of the first 
inductance element 111 is 30 u.H, the inductance of the 
third inductance element 116A is 3 u.H, and the sum of 
these inductances is 33 u,H has a greater effect of sup- 
pressing normal mode signals in a frequency range of 
1 MHz and higher, compared with the reference circuit 
wherein the inductance of the inductance element is 90 
uJH. Because of this feature, according to the embodi- 
ment, it is possible to make the inductance element 
smaller, compared with the reference circuit, and it is 
thereby possible to reduce the entire circuit in size. 
[01 25] If the lines with numerals 1 33 to 1 38 are com- 
pared, it is noted that a greater effect of suppressing nor- 
mal mode signals is obtained as the inductance of the 
third inductance element 116A increases. However, the 
third inductance element 116A is increased in dimen- 
sions as the inductance of the third inductance element 
1 1 6A increases. Therefore, if the inductance of the third 
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inductance element 11 6A exceeds 600 uH, the practi- 
cality is reduced. It is noted that, when the inductance 
of the first inductance element 111 is 30 u.H, a sufficient 
effect of suppressing normal mode signals is obtained 
as long as the inductance of the third inductance ele- 5 
ment 116A is 30 or 60 u.H. These findings indicate that 
it is sufficient that the inductance of the third inductance 
element 11 6A is 30 or 60 u,H. In addition, it is preferred 
thatthe inductance of the third inductance element 1 1 6A 
is of a value similar to that of the first inductance element 
111. 

[0126] As the comparison between the lines with nu- 
merals 131 and 134 indicates, it is possible to obtain the 
effect of suppressing normal mode signals even if the 
inductance of the third inductance element 116A is 
around 0.3 

[0127] The consideration of FIG. 14 indicates that the 
inductance of the third inductance element 116A should 
preferably fall within a range of 0.3 \iH to 600 u,H inclu- 
sive, more preferably within a range of 3 u.H to 60 u.H 
inclusive, and still more preferably within a range of 3 
\iH to 30 u,H inclusive. 

[0128] Reference is now made to FIG. 1 5 to describe 
the result of determining the relationship between the 
effect of suppressing normal mode signals and the cou- 
pling coefficient between first inductance element 111 
and the second inductance element 1 1 2 of the normal 
mode signal suppressing circuit of FIG. 1 1 by simulation. 
FIG. 15 shows frequency characteristics of gains ob- 
tained by simulation for the above-mentioned reference 
circuit and the normal mode signal suppressing circuit 
of FIG. 11. 

[0129] Lines of FIG. 15 indicated with numerals 141 
and 1 42 show the characteristics of the reference circuit 
under the conditions the same as those in the cases for 
the lines of FIG. 14 indicated with numerals 131 and 
132. 

[0130] Lines of FIG. 15 indicated with numerals 143 
to 1 46 show the characteristics of the normal mode sig- 
nal suppressing circuit of FIG. 11 . In the simulation, the 
capacitance of the capacitor 115a is 0.01 u.F, and the 
inductance of each of the first inductance element 111 , 
the second inductance element 1 1 2 and the third induct- 
ance element 116A is 30 jiH. The lines with numerals 
1 43 to 1 46 show the characteristics obtained in the cas- 
es in which the coupling coefficients between the first 
inductance element 111 and the second inductance el- 
ement 112 are 0.7, 0.9, 0.995, and 1 , respectively. 
[0131] Consideration will now be given to the result of 
the simulation shown in FIG. 15. First, in the normal 
mode signal suppressing circuit, if the coupling coeffi- 
cient is 0.7 or greater, a greater effect of suppressing 
normal mode signals is obtained, compared with the ref- 
erence circuit. As the coupling coefficient increases, the 
effect of suppressing normal mode signals is enhanced. 
FIG. 15 being considered, the coupling coefficient 
should preferably be 0.7 or greater, and more preferably 
be 0.9 or greater, and still more preferably be 0.995 or 



greater. 

[0132] According to the embodiment as thus de- 
scribed, it is possible to implement the normal mode sig- 
nal suppressing circuit capable of suppressing normal 
mode signals in a wide frequency range effectively, and 
achieving a reduction in size. 

[0133] According to the embodiment, it is possible to 
implement the normal mode signal suppressing circuit 
that has a greater effect of suppressing normal mode 
signals although it has a smaller number of components 
than the conventional EMI filter does and is inexpensive. 
[01 34] According to the embodiment, if the phase-in- 
verted signal transmitting circuit 115 is made up of the 
capacitor 1 1 5a, it is possible only by the capacitor 1 1 5a 
to perform detection of normal mode signals and gen- 
eration of a phase-inverted signal having a phase oppo- 
site to that of the normal mode signal detected. As a 
result, the number of components is further reduced in 
this case. 

[01 35] The normal mode signal suppressing circuit of 
the embodiment may be used as a means for reducing 
a ripple voltage and noise developed by a power trans- 
former circuit, or a means for avoiding communications 
signals on an indoor power line from leaking to an out- 
door power line. 

[Fourth Embodiment] 

[0136] FIG. 16 is a schematic diagram illustrating the 
configuration of a normal mode signal suppressing cir- 
cuit of a fourth embodiment of the invention. The basic 
configuration of the normal mode signal suppressing cir- 
cuit of the fourth embodiment is the same as that of the 
third embodiment. A difference between the fourth and 
third embodiments is that the high-pass filter 115A as 
the phase- inverted signal transmitting circuit 115 of the 
fourth embodiment incorporates a plurality of capacitors 
151, 152, ...that are combined. It is acceptable that the 
number of capacitors incorporated in the high-pass filter 
1 1 5 A is two or greater. 

[0137] Each of the capacitors 151, 152, ...has an end 
connected to the conductor line 1 03 at the second point 
F, and the other end connected to an end of the second 
inductance element 112. Therefore, the capacitors 151 , 
152, ... are connected to one another in parallel. The ca- 
pacitors 151, 152, ... have different capacitances. The 
high-pass filter 11 5A incorporating such capacitors 151 , 
152, ...makes it possible that the high-pass filter 115A 
is designed to have a desired frequency characteristic. 
For example, according to the high-pass filter 115A of 
the fourth embodiment, it is possible to design the fre- 
quency characteristic of the high-pass filter 115A such 
that the pass band is wider than that of the high-pass 
filter 11 5A of the third embodiment. 
[0138] The remainder of configuration, operations 
and effects of the fourth embodiment are similar to those 
of the third embodiment. 

[0139] The present invention is not limited to the fore- 
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going embodiments but may be practiced in stiil other 
ways. For example, each of the phase- inverted signal 
transmitting circuits 15 and 115 is not limited to a high- 
pass filter but may be a band-pass filter. 
[0140] As thus described, according to the common 
mode signal suppressing circuit of the invention, it is 
possible to implement the common mode signal sup- 
pressing circuit capable of effectively suppressing com- 
mon mode signals in a wide frequency range and 
achieving a reduction in size. 

[0141] According to the normal mode signal sup- 
pressing circuit of the invention, it is possible to imple- 
ment the normal mode signal suppressing circuit capa- 
ble of effectively suppressing normal mode signals in a 
wide frequency range and achieving a reduction in size. 
[0142] Obviously many modifications and variations 
of the present invention are possible in the light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims the invention 
may be practiced otherwise than as specifically de- 
scribed. 



Claims 

1 . A common mode signal suppressing circuit for sup- 
pressing common mode signals propagating with 
identical phases through two conductor lines, the 
common mode signal suppressing circuit compris- 
ing: 

a first winding inserted to one of the conductor 
lines at a specific first point; 
a second winding that is inserted to the other 
of the conductor lines at a second point corre- 
sponding to the first point and is coupled to the 
first winding, the second winding suppressing 
the common mode signals in cooperation with 
the first winding; 

a third winding coupled to the first and second 
windings such that a mutual inductance is gen- 
erated between the third winding and the first 
and second windings; and 
a phase-inverted signal transmitting means 
connected to the third winding and to the one 
of the conductor lines at a third point different 
from the first point, the transmitting means be- 
ing further connected to the other of the con- 
ductor lines at a fourth point corresponding to 
the third point and different from the second 
point, the transmitting means transmitting a 
phase-inverted signal for suppressing the com- 
mon mode signals, wherein: 

when a source of the common mode sig- 
nals is located at a point closer to the third 
and fourth points than the first and second 
points except a point between the first and 



third points and a point between the sec- 
ond, and fourth points, the transmitting 
means detects a common mode signal and 
supplies the phase-inverted signal to the 

5 third winding, the phase-inverted signal 

having a phase opposite to a phase of the 
common mode signal detected, and the 
third winding injects the phase-inverted 
signal to the two conductor lines through 

10 the first and second windings; and 

when the source of the common mode sig- 
nals is located at a point closer to the first 
and second points than the third and fourth 
points except a point between the first and 

15 third points and a point between the sec- 

ond and fourth points, the third winding de- 
tects a common mode signal, and the 
transmitting means injects the phase-in- 
verted signal to the two conductor lines, the 

20 phase-inverted signal having a phase op- 

posite to a phase of the common mode sig- 
nal detected by the third winding. 

2. The common mode signal suppressing circuit ac- 
25 cording to claim 1 , further comprising an impedance 

element provided on the two conductor lines at a 
point between the first and third points and a point 
between the second and fourth points, the imped- 
ance element reducing a peak value of a common 
30 mode signal passing therethrough. 

3. The common mode signal suppressing circuit ac- 
cording to claim 1 , wherein the phase-inverted sig- 
nal transmitting means incorporates a high-pass fil- 

35 ter for allowing a common mode signal to pass 
therethrough. 

4. The common mode signal suppressing circuit ac- 
cording to claim 3, wherein the high-pass filter in- 

40 corporates a capacitor. 

5. The common mode signal suppressing circuit ac- 
cording to claim 1 , wherein the impedance element 
incorporates: a fourth winding inserted to one of the 

45 conductor lines; and a fifth winding that is inserted 
to the other of the conductor lines and coupled to 
the fourth winding and that suppresses the common 
mode signals in cooperation with the fourth winding. 

50 6. The common mode signal suppressing circuit ac- 
cording to claim 5, wherein each of the fourth and 
fifth windings has an inductance of 0.3 \iH or great- 
er. 

55 7. The common mode signal suppressing circuit ac- 
cording to claim 1, wherein a coupling coefficient 
between the third winding and the first and second 
windings is 0.7 or greater. 
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8. A normal mode signal suppressing circuit for sup- 
pressing normal mode signals transmitted by two 
conductor lines and creating a potential difference 
between the two conductor lines, the normal mode 
signal suppressing circuit comprising: 



rates a capacitor. 

1 1 . The normal mode signal suppressing circuit accord- 
ing to claim 9, wherein the high-pass fitter incorpo- 
rates a plurality of capacitors that are combined. 



a first inductance element inserted to one of the 
conductor lines at a specific first point; 
a second inductance element coupled to the 
first inductance element such that a mutual in- 
ductance is generated between the first and 
second inductance elements; 
a phase-inverted signal transmitting means 
connected to the second inductance element 
and to the one of the conductor lines at a sec- 
ond point different from the first point, the trans- 
mitting means transmitting a phase-inverted 
signal for suppressing the normal mode sig- 
nals; and 

an impedance element provided on the one of 
the conductor lines at a point between the first 
and second points, the impedance element re- 
ducing a peak value of a normal mode signal 
passing therethrough, wherein: 

when a source of the normal mode signals 
is located at a point closer to the second 
point than the first point except a point be- 
tween the first and second points, the 
transmitting means detects a normal mode 
signal and supplies the phase-inverted sig- 
nal to the second inductance element, the 
phase- inverted signal having a phase op- 
posite to a phase of the normal mode signal 
detected, and the second inductance ele- 
ment injects the phase-inverted signal to 
the one of the conductor lines through the 
first inductance element; and 
when the source of the normal mode sig- 
nals is located at a point closer to the first 
point than the second point except a point 
between the first and second points, the 
second inductance element detects a nor- 
mal mode signal, and the transmitting 
means injects the phase- inverted signal to 
the one of the conductor lines, the phase- 
inverted signal having a phase opposite to 
a phase of the normal mode signal detect- 
ed by the second inductance element. 

The normal mode signal suppressing circuit accord- 
ing to claim 8, wherein the phase-inverted signal 
transmitting means incorporates a high-pass filter 
for allowing a normal mode signal to pass there- 
through. 
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12. The normal mode signal suppressing circuit accord- 
ing to claim 8, wherein the impedance element in- 
corporates a third inductance element inserted to 
the one of the conductor lines. 

13. The normal mode signal suppressing circuit accord- 
ing to claim 1 2, wherein the third inductance ele- 
ment has an inductance of 0.3 u.H or greater. 

1 4. The normal mode signal suppressing circuit accord- 
ing to claim 8, wherein a coupling coefficient be- 
tween the first and second inductance elements is 
0.7 or greater. 
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10. The normal mode signal suppressing circuit accord- 
ing to claim 9, wherein the high-pass filter incorpo- 
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